The La 1-y and a colossal magnetoresistance (CMR) effect above T C that increased with decreasing x until a transition to an orbitally ordered, antiferromagnetic-insulator phase. This striking evolution with x of magnetic and transport properties was interpreted 4 to result from the stabilization of phase fluctuations of itinerant and localized electronic regions due to lattice instabilities associated with a first-order transition at the crossover from polaronic to itinerant electron behavior. Although evidences for the phase fluctuations and their responsibility for the CMR phenomenon have been well-documented, a quantitative description of the evolution of T C with x has been lacking. In order to fill this gap, we have undertaken a systematic study of the ferromagnetic system La 2/3 (Ca 1-x Sr x ) 1/3 MnO 3 which shows a similar CMR phenomenon and variation of T C with x. The study allows us to account quantitatively for the evolution of T C with x using experimentally determined parameters. We demonstrate that dynamic phase segregation into hole-rich itinerantelectron regions and hole-poor localized-electron regions, results from a breakdown of the adiabatic approximation for the itinerant electrons and suppresses the conventional double-exchange coupling. Our model provides an original scenario to understand the first order nature of the magnetic phase transition in a situation in which T C is suppressed, which could be of general applicability to other systems. The similarity of dT C /dx and dω o −1 /dx is remarkable, providing a solid basis for the heterogeneous model. A system which is at a crossover from polaronic to itinerant electronic behavior is intrinsically unstable relative to segregation into hole-rich, itinerant-electron regions with τ h < ω o −1 and hole-poor polaronic regions with τ h > ω o −1 .
Since the phase segregation is dynamic, the measured ω o reflects a weighted average of the two frequencies for the two volume fractions; the Raman peak is not split into two peaks as would be expected for classic, static phase segregation. However, the peak shifts to higher frequencies as the volume fraction of the polaronic phase increases. 11 With this interpretation of the Raman data of Fig. 2 , we conclude that the deviation of T C from the predicted by the adiabatic approximation at low x reflects a continuous growth of the volume fraction of the polaronic phase as φ increases. In the polaronic phase, τ h becomes too long relative to the spin reorientation time (τ h >τ r ) for the double-exchange mechanism to be operational. In the system La 1-x Sr x MnO 3 , T C was reported to increase rapidly with pressure for the interval 0.1<x<0.2. 12 , where a short-range dynamic ordering at Mn(III) ions introduces a modified version of Zener's 13 ferromagnetism. On crossing to the high-pressure itinerant side through a first-order transition, de Gennes model is restored and dT C /dP decreases. These results are in perfect accordance with our experimental observations. Experimental isotherms probing the first-to-sencond order change in the character of the magnetic phase transition at T C , on going from x=0.05 to x=0.10.
In addition, where the change in n JT (T), i.e. the fraction of sites excluded from the double-exchange coupling, is very abrupt on approaching T C from below, the model predicts the occurrence of a first-order magnetic phase transition at T C . The abrupt renormalization of the exchange parameter on the approach to T C makes it impossible for the Brillouin function to evolve continuously to zero, and it collapses in a first-order phase change at the critical point. Therefore, as the volume fraction of the polaronic phase at T C increases, we can anticipate the magnetic-ordering transition at T C will change from second-order to first-order. From M/H vs. M 2 isotherms 16, 17 we have determined experimentally that such a change does indeed occur, and takes place in the interval 0.05<x<0.10 (see inset of Fig. 5 ). It should be noted that the metal-tosemiconducting transition at T C stands up to x=0.5, where it goes metal-to-metal. 18 This shows that the change in the order of the phase transition is not controlled by the nature of the electronic transition, but by the two-phase character of the system and its relative volume change at T C .
Previous attempts to account for first-order ferromagnetic-to-paramagnetic transitions normally relied on a volume dependent exchange interaction in a deformable lattice. 19 This ends up with a first-order phase change at a higher temperature than the corresponding second-order one in the non-deformable lattice, and so they are inadequate to explain the behavior of manganites, where T C is suppressed. The continuous change in the effective temperature of the spin-lattice of our model mimics the effect of a temperature dependent Weiss field coefficient, which also produces a first-order phase transtition. 20 Also Huberman and Streifer 21 proposed a similar model to account for the first-order character of the magnetic transition at T C in MnBi.
In conclusion, we have provided a quantitative basis for the heterogeneous model 4 responsible for the CMR phenomenon. The model can account quantitatively for the evolution of T C (x) and the change from a first to a second-order magnetic transition at T C .
In addition, in the temperature interval T C <T<T C (adiabatic), the model predicts pockets of short-range ferromagnetic order to exist in a non-percolative volume fraction of the itinerant-electron phase; this volume fraction grows in an applied magnetic field to beyond percolation to give the CMR phenomenon. This shares some similarities with the idealized model proposed by Griffiths 22, 23 in which an exchange parameter varies with the probable number of nearest neighbors participating in the exchange interaction.
However Griffiths did not anticipated how this probability might change as a function of temperature, as it does in manganites. Finally, it should be recognized that Dagotto 24 has independently supported a similar heterogeneous model developed from computational studies, and that there is a strong similarity between T C (adiabatic) and the temperature scale represented by T* that he proposed. The analogy between T* and the Griffiths temperature was also raised by these authors, 25 which stressed the relevance of having two competing orders with similar energies to observe the intrinsically inhomogeneous regime.
